An Environmental Nobel by unknown
Forum
melanoma vaccines. Morton, however,
expresses optimism about the October
study results and describes betulinic acid as
one of the most exciting and unique com-
pounds currently under investigation for
treatment ofmelanoma.
An Environmental Nobel
Twenty years ago, when Mario Molina
described his research to friends, they
would look baffled, perhaps even a little
worried about his state of mind. Then a
postdoctoral fellow at the University of
California, Irvine, Molina would explain
how an invisible gas sprayed out ofaerosol
cans could float up to the stratosphere,
about 8-12 miles above the earth's surface,
and create havoc with the ozone, which
protects living things on earth from short-
er-wave length ultraviolet radiation. "Only
a few people were aware ofthe ozone prob-
lem in those days, because it was such a
specialized topic," says Molina, now a pro-
fessor of environmental science at the
Massachusetts Institute of Technology.
"But a decade later, when the public had a
better understanding of what humans can
do to the planet, I became amazed at how
many people were knowledgeable about
the depletion ofthe ozone layer."
In 1995, Molina shared the Nobel
Prize in Chemistry with colleagues F.
Sherwood Rowland, professor ofchemistry
at the University ofCalifornia, Irvine, and
Paul Crutzen of Max-Planck Institute for
Chemistry, in Mainz, Germany, for their
work in atmospheric chemistry, especially
on the formation and destruction ofozone.
The researchers have made crucial discov-
eries showing how chemical emissions
from air conditioners, aerosol cans, and fire
extinguishers can dramatically increase the
destructive processes ofthe sensitive ozone
layer, our planet's "Achilles heel," said the
Royal Swedish Academy in its award cita-
tion on October 11. As ozone is depleted,
more of the sun's dangerous ultraviolet
rays can reach the earth causing additional
skin cancers, cataracts, and damage to the
immune system, but also harming ecosys-
tems. By sounding the alarm about ozone
damage, the researchers "have contributed
to our salvation from a global environmen-
tal problem that could have catastrophic
consequences," the academy said.
In 1970, Paul Crutzen was the first sci-
entist to identify one of the important
processes that create a natural balance in
stratospheric ozone. Crutzen discovered that
when nitrous oxide, which is produced by
soil bacteria, floats up to the stratosphere,
the chemical demolishes ozone molecules.
Crutzen's research led directly to discoveries
on the relationship between ozone destruc-
tion and freon compounds manufactured
with chlorofluorcarbons (CFCs), says Jack
Calvert, atmospheric scientist at the
National Center for Atmospheric Research
in Boulder, Colorado. "When nitrous
oxides get to the stratosphere, they start a
chemical chain reaction that destroys
ozone, in the same way that freon does,"
Calvert says.
In fact, small amounts ofother natural
compounds, hydrogen and chlorine, also
migrate from the earth's surface and break
down ozone molecules in the stratosphere.
But until industrial chemicals changed the
atmosphere's chemical mix, this destruc-
tion was generally balanced by natural pro-
duction of ozone. That is, the sun's rays
would split oxygen molecules and start a
rapid chemical reaction, leading to the for-
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mation ofozone molecules. So the amount
of ozone would increase or decrease by
small degrees, depending on chemical
influences from volcanic eruptions and sea-
sonal changes, and on variations in the
sun's intensity.
Crutzen was also among the first scien-
tists to suspect that human-made chemi-
cals could deplete ozone. In the early
1970s, Crutzen and Harold S. Johnston, a
chemistry professor at the University of
California, Berkeley, theorized that a new
kind of commercial airplane called the
supersonic transport (SST), which flew
into the stratosphere and spewed nitrogen
oxides from its exhaust, could accelerate
natural destruction ofozone.
Meanwhile, by 1973, Rowland and
Molina theorized that CFCs could migrate
into the upper atmosphere and damage
ozone. The researchers calculated that
because CFCs are so stable and durable in
the surface atmosphere, the chemicals can
live for 50-100 years, but when they reach
the stratosphere, they are disintegrated by
shorter-wave ultraviolet radiation. As each
chlorine molecule breaks down, it can
destroy many ozone molecules, possibly
depleting ozone, on a global average, by
7-13% over 100 years if CFC production
continued at its rate of growth (at that
time), Molina and Rowland theorized.
With further research, though, the sci-
entists learned that ozone would be deplet-
ed in more complex ways. "Later, we real-
ized that there would be large depletions of
ozone at different latitudes, and more
severe depletions at high latitudes," says
Molina.
In 1975, researchers from the National
Center for Atmospheric Research and the
National Oceanic and Atmospheric
Administration separately reported that
instruments on balloons had detected
abundant CFC-1 1 in the stratosphere.
This was the first time that measurements
had been made ofany manufactured chlo-
rine compounds in the upper atmosphere.
The next year, a special National Academy
of Sciences panel calculated that stratos-
pheric ozone could be depleted by 7% over
the long-term due to CFCs, within the
range first estimated by Rowland and
Molina. In presentations at scientific meet-
ings, press conferences, and legislative
hearings, Rowland and Molina began rec-
ommending a complete ban on the release
ofCFCs to the atmosphere.
By 1979, the United States and other
nations had banned the sale ofaerosol cans
that contained CFCs, but companies con-
tinued to produce CFCs for other uses.
Moreover, there was no urgency by the
international community to ban CFCs
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outright, and researchers were challenged
to prove that the observed ozone depletion
was well beyond natural variations.
This challenge was answered in 1985
when British researchers announced that
they had found a huge ozone hole above
Antarctica. This hole confounded scientists
until 1987-when Molina, Rowland, and
their colleagues discovered that manufac-
tured chlorine compounds initiated a chain
of chemical reactions on the surfaces of
extremely cold polar stratospheric clouds,
accelerating the destruction of ozone in
this area.
In 1987, through the
United Nations' involvement,
24 industrial nations signed
the Montreal Protocol, agree-
ing to set sharp limits on the
use of CFCs and bromine-
containing chemicals that also
destroy ozone. The following year,
DuPont, the world's largest manufactur-
er of CFCs, announced that it would
begin moving toward discontinuing fur-
ther production.
Calvert says, "DuPont scientists were a
big help in proving the connections
between ozone loss and CFCs. They hon-
estly tried to find what the truth was."
Michael Oppenheimer, an atmospheric
scientist at the Environmental Defense
Fund, agrees that ozone research has been
"the best example ofindustry, government,
and university scientists getting together
and crafting a solution on an important
environmental issue."
Under further tightening of the
Montreal Protocol, the most dangerous
gases will be totally banned by 1996,
although developing countries have a few
years to introduce substitutes for ozone-
destroying chemicals. In 1995, however,
Republicans in Congress introduced legis-
lation that would stop the United States'
participation in the ban on CFC produc-
tion. But Oppenheimer sees "no ground
swell of opposition" in Congress to the
ozone treaty. Furthermore, the Nobel Prize
in Chemistry shared by Molina, Rowland,
and Crutzen "shows that the scientific
basis for the Montreal Protocol is of the
highest quality," he says. "On this issue,
governments have been making policy
based on the best science-period."
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